Background
Introduction women's exposure to her mother-in-law through co-residence in order to fully understand her health care use and outcomes [5, 17] . Due to a strong cultural preference for sons, one way that a young wife increases her status is through bearing a son, although any childbearing is associated with improved status [14] .
Past qualitative work has suggested that women of low status in the household have access to fewer household resources, including food. Cultural beliefs dictating that women reduce food consumption while menstruating, pregnant, or lactating, and a general practice of young girls and new daughter-in-laws (i.e., women with lower status in households) eating last, lead women in Nepal to have unequal access (relative to men) to micronutrient rich foods in the household [18] [19] [20] . Other, mostly qualitative, research has suggested that the distribution of food in the household is based on household position, with young daughters-in-laws, especially those married to younger sons, often being the last to eat [20] . Past analysis of the 2011 Demographic and Health Survey (DHS) in Nepal found that factors associated with women's status, including woman's education, sex of household head, and urban/rural residence of households were associated with her anemia level, an indicator of poor health, however, they did not include a marker of household position [21] .
Nepal suffers from high levels of food insecurity, with more than half of districts being found to have some level of food insecurity in the latest Demographic and Health Survey (2011) [22] . The severity of food insecurity differs between the different regions (mountains, Terai (plains near Indian boarder), hills) of Nepal, with households in the Terai being more food secure [23] . Food insecurity has been found to be associated with a broad range of poor health outcomes, including HIV, chronic disease, and mortality [24] . Food insecurity has also been found to be associated with low rates of exclusive breastfeeding and poor antenatal care seeking practices [25, 26] . Additionally, food insecurity has been found to be associated with increased sexual risk-taking behavior (for example, inconsistent condom use and sex exchange) and sexually transmitted disease symptoms, among women in Nepal, and elsewhere [27, 28] . We propose that food insecurity may impact family planning use both because of impacts on mental health and on empowerment. Food insecurity is a well-known predictor of depression, anxiety and poor mental health, which in turn may make it harder for women to seek services or advocate for the services that they want to use within their household or community [29, 30] . Food insecurity has also been associated with disempowerment in other studies and disempowerment in turn could impede family planning use. Even women who do not suffer from poor mental health due to food insecurity might find it difficult to seek or advocate for family planning services, which could be further compounded by being of low household status [31] .
Food insecurity is difficult to measure, and different studies use a variety of approaches (sets of questions, inclusion of different components of food security such as access, utilization, availability, etc.) [32] . One primary concern with commonly used measures, such as the one used in the Nepal DHS, which is adapted (to be culturally relevant) from the Household Food Insecurity Access Scale indicators developed in USAID's Food and Nutrition Technical Assistance (FANTA) project [33] , is that it asks about household level food insecurity, and an individual's experience of food insecurity within a household could be different from the whole household's experience. The food insecurity questions are answered by the household head, which is usually a male in this setting and may reflect the heads experience, or his view of the household's experience. Thus, much of the rational for this analysis is to try to understand how incorporating information about a woman's status in the household helps us better understand what the household-level food insecurity measure (generally answered by a male household head) means for an individual woman within that household, hence addressing one of the main limitations of this measure.
Although it is well recognized that women's position in the household impacts her status, as described above, little research has explored the interconnection between household position, food insecurity, and reproductive health indicators, such as use of family planning. Furthermore, the little research that exists on the interrelationship between household status and health outcomes in this setting is relatively old, and much of it not nationally representative. We hypothesize that household position and food insecurity will be associated with modern family planning use, and that high food insecurity and low household position could interact to reduce family planning use. We hypothesize this because lower status women are both less likely to be able to access food in food insecure households, being food insecure further disempowers women, and thus women with both risk factors might be less likely to use modern family planning methods (Fig 1) . Women might also be at low status in her household due to her age, education, if she is the household head alone, level of decision-making power, or how many/what sex of children she has. Additionally, household factors such as wealth, ethnicity, religion, region or urban/rural status, might put the household at further risk of being food insecure or have inequitable gender norms. The goal of this analysis is to first understand if women's position in the household is associated with her use of modern family planning. Second, we explore whether food insecurity is associated with modern family planning use. Finally, we explore whether there is an interaction between woman's position in the household, food insecurity, and women's modern family planning use.
Materials and methods
We use data from the 2011 Nepal Demographic and Health Survey (DHS) for this analysis. The DHS was collected under the guidance of Population Division, Ministry of Health and Population of the Government of Nepal and with technical assistance from ICF International. The DHS is a nationally representative household survey of women of reproductive age, defined as 15-49 years of age, conducted every 5 years using a stratified, two stage cluster design with a 97.6% response rate in 2011 [28] . It has household level as well as individual level modules for men and women. For this analysis we link the household level and individual women's modules. The household module (which includes the household food insecurity questions) was answered by the household head and the individual women's module was answered by selected women of reproductive age in that household. A total of 12,674 women were interviewed in 2011. For this analysis, the sample is limited to currently married, non- pregnant women with at least one living child. Since one of the main variables of interest is household structure, we focus on married women who are living in different types of co-resident structures. Non-married women would likely have very different household structures and be subjected to different roles in their households. We limit the sample to non-pregnant women since family planning use is not relevant among pregnant women. Additionally, different norms are likely to apply to pregnant women's access to food. We also restrict the sample to women who had at least one living child, since family planning use before the first child is born is very low in this setting. A total of 7,459 women have no missing data and fit these criteria.
Two primary factors potentially associated with the outcome of interest (family planning use) are explored in this analysis. The first is the household co-residence structure in which the woman lived. This variable is created by grouping women by household ID in the Nepal DHS data, since more than one woman of reproductive age per household was eligible to participate in the survey. Then, based on whether or not more than one woman in the household was included in the sample, and combined with information from the question "What is your relationship to the household head?" we categorize women into the following four groups: Group 1 includes women who were not co-residing, defined as women who reported that they were married to the head of the household or were the head of the household and were not living with another woman of reproductive age in the household, nor with a mother-in law. These women are the referent group as we assume them to be the highest status group. Group 2 includes woman living in a household with in-laws, but no sister-in-laws who took the survey. Group 3 includes women living in household where there was at least one other woman in the same household, and their husband was older than the other woman's husband. This is the "elder" sister category. Group 4 includes women living with at least one other woman from the survey in the same household, and the husband being younger than the husband of the other woman in the household. If more than two women were included in the survey who lived in the same household, then the one with the oldest husband was in group three and all of the younger ones in group 4 (Fig 2) . We hypothesize that Group 4 women have the lowest status in the household, and Group 1 the highest, however, it is unclear whether elder (Group 3) women or women with no sisters-in-law (Group 2) would be of higher status. The second factor of interest is household level food insecurity. Food insecurity was measured using the household food insecurity access scale collected in the 2011 Nepal DHS [28] . The 2011 Nepal DHS asked 7 of the 9 questions in Household Food Insecurity Access Scale indicators developed in USAID's Food and Nutrition Technical Assistance (FANTA) project [33] . These questions were modified to be culturally relevant to Nepal and the time frame was expanded to 12 months (from the standard 1 month) because of seasonal variability in the Nepali setting. Questions were answered by the head of the household (generally a male in this setting) and asked about insufficient quantity and quality of foods and anxiety and uncertainty about food supply. Compared to other measures, this set of questions does not address either individual household members access or more distal factors such as livelihood production [32] . We use a validated scoring algorithm, to create a four-group categorical variable ranging from "food secure" (1) to "severe food insecurity", as is categorized by the Nepal DHS (4) . For the interaction model, we created a binary variable, collapsing none/mild/moderate vs. severe food insecurity.
The primary outcome of interest is a binary for current use of a modern family planning method compared to no method or a non-modern method.
We use multivariate logistic regressions to assess for associations between food insecurity, women's household status, and modern family planning use. We control for socio-demographic factors found in past literature to be associated with women's household status, food insecurity and/or family planning use in this setting. At the household level, these include wealth quintile (calculated by the DHS Program, provided in the dataset), urban/rural status, geographic region (mountains, hills or Terai), caste/ethnicity (Brahmin/Chhetri, Newar, Dalit, Janajati, other), and religion (Hindu compared to any other religious group). At the individual level we control for women's age (in 10 year age groups), education (none, primary, secondary, and higher than secondary, as categorized by the DHS Nepal), type of occupation (professional occupation vs. not), if she is the head of the household (yes/no), and the total number of living children that the woman has (continuous). Furthermore, we include a variable of the ratio of the number of boys divided by the number of girls that a woman has at the time of the survey, to account for the effect of having a son on a woman's position in the household and probability of using modern family planning. We also include a score of women's decision making level in the household. This is comprised of six binary questions about who (the woman alone, woman and her husband, husband alone, other) makes decisions about the following: what to do with money that the husband earns, what to do with the money the respondent earns, using family planning, the respondents health care, large purchases, and visits to family/relatives. These were then summed to create the final score (ranging from 0-6).
Since more than one woman could live in each household and the main predictor is a household level variable, each woman received a weight based on the number of women in the sample in her household (0.5 if there were two women, 0.33 if there were 3 women, etc.). This weight is multiplied by the survey weight provided by ICF Macro. Data were analyzed using STATA 12.
Results

Description of population
The mean age of the sample is 32.8 years. Most women (72.6%) live in rural areas, almost 45% (44.63) lived in the Terai, followed by hills (38.96) and 20.6% indicate that they are the household head. Approximately half (50.4%) of respondents have no schooling and very few (3.5%) have professional occupations. The mean decision-making score is 1.27 (out of a possible score of 6 representing the most decision-making power). Women have, as a median, 2.76 living children, with a ratio of 1.19 boys/girls. About half (49.9%) are currently using a modern family planning method. The most commonly used modern method is female sterilization (12.62%), followed by injection (10.19%) and male sterilization (8.67%).
Most women are not co-residing (63.6%). Over thirteen percent (13.7%) of women are coresiding in households without other sisters-in-laws, 14.0% co-residing in household where they were married to the eldest son and hence were the eldest sister-in-law, and 8.7% co-residing in households where they were a younger sister-in-law (had at least 1 older sister-in-law). Almost fifty percent (48.8%) of households are food secure, 13.5% mildly food insecure, 23.8% moderately food insecure and 14.0% severely food insecure (Table 1) . 
Household position
In unadjusted analysis, co-residing in a household with in-laws where there are no other sisters-in-law is associated with lower family planning use (Odds Ratio (OR) = 0.555, p<0.01) and co-residing in a household where the woman is the younger sister-in-law is associated with lower family planning use (OR = 0.415, p<0.01) compared to non-co-residing women (Table 2) . After adjusting for other individual and household variables, co-residing in a household where the woman have no sisters-in-law (OR = 0.445, p<0.01), is the older sister-in-law (OR = 0.647, p<0.01) or younger sister-in-law (OR = 0.416, p<0.01) is significantly associated with lower family planning use. Being in an older age group, Hindu, in a higher wealth quintile, having a higher decision-making score, more children, and more boys compared to girls are all significantly associated with higher odds of family planning use. Being from an "other" ethnic group or being the head of the household is associated with lower odds of family planning use.
Food insecurity
Living in a moderately or severely food insecure household is associated with lower odds of family planning use (OR = 0.768, p<0.01 and OR = 0.690, p<0.01, respectively), compared to living in a non-food insecure household. After controlling for the individual and household variables, only living in a severely food insecure household is significantly associated with lower odds of family planning use (OR = 0.765, p<0.01). All of the same covariates are associated with higher or lower odds of family planning use as in the previous model (Table 3) .
Interaction between household position and food insecurity
In the unadjusted model, living in a food secure, co-resident house with no sisters-in-law is associated with reduced odds of family planning use (OR = 0.635, p<0.01) and living in a food secure household as the younger sister-in-law is associated with lower odds of family planning use (OR = 0.387, p<0.01) compared to living in a food secure, non-co-resident household. Living in a food insecure, non-co-residing household (OR = 0.769, p<0.01), a food insecure, coresident household with no sisters-in-law (OR = 0.320, p<0.01) and a food insecure household as the younger sister-in-law (OR = 0.347, p<0.01), are all associated with lower odds of family planning use, compared to living in a food secure, non-co-resident household. Elder sisters in food secure and insecure households do not have significantly lower odds of family planning use (Table 4) . After controlling for individual and household variables, all co-residing women have a significantly lower (p<0.05) odds of family planning use compared to non-co-residing, food secure women, with the exception of non-co-residing women in food insecure households (who have a lower odds only at the p<0.1 level). Women who are the younger sisters-in-law or co-resided with no sisters-in-law, had the lowest odds, in both food insecure and secure households. As before, being older, Hindu, higher on the wealth index, having a higher decisionmaking score, more children, and more boys compared to girls are all associated with higher odds of family planning use in this model. Also, being from an "other" ethnic group or the household head are significantly associated with lower odds of family planning use.
Discussion
In this population-based study in Nepal, women's position in the household is associated with lower odds of family planning use, with lower status women (younger sisters-in-law in co-resident households) and women with no sisters-in-law being least likely to be using family planning, even after controlling for other household and demographic variables. Women who are the older sister-in-law were less likely to use family planning after controlling for other factors, however, the odds were not as low as for younger-sisters-in-law or women with no sisters-in-law. While past research has highlighted the differences that may exist between coresiding and non-co-residing women, less research has explored differences by co-residence status [16] . One past study in India that did separate lower and higher status daughters-in-law within households found lower ranking daughters had children who were shorter than the children of higher ranking daughters [34] . Our findings add to these to suggest that not all coresident women are the same and that understanding a women's standing among the other women in her household could be important for understanding reproductive health outcomes and behaviors. We also find that food insecurity is associated with lower odds of use of a modern family planning method, controlling for other household and individual level factors. These findings support past research in other countries that food insecurity is associated with poor health outcomes for women and children, and extend that work to include family planning [25, 26] . As discussed by Tsai et al. (2014) when looking at HIV and condom use in Nepal, the pathway from food insecurity to poor reproductive health outcomes is likely rooted in gender norms and inequality intersecting with food insecurity to put women at especially high risk of the marginalization and lack of economic security with which food insecurity is associated [28] . Past research in Uganda has found that women who are food insecure felt less empowered to negotiate for the use of family planning, a possible explanation for our findings in Nepal [35] . Given that the majority of households in Nepal experience some level of food insecurity (with 1 in 7 reporting severe food insecurity), reducing food insecurity could improve maternal and reproductive health indicators. The interaction between food insecurity and household position suggests that younger sister-in-laws and co-residing women without sisters, are least likely to be using family planning in both food secure and food insecure households, even controlling for age, number of children and the gender of the children. This could suggest that lower status women, especially those in vulnerable households, are less able to access reproductive health services such as family planning. It appears that older sisters only have reduced odds of using family planning when they live in food insecure households. Our findings support past literature that a woman's position in the household hierarchy is an important factor in understanding her health outcomes and behaviors [20] . Past research in Egypt described how when young married women moves in with their mothers-in-law, the daughters-in-law lose weight, while the mothers-in-law gain weight [36] . More data on the status of the mothers-in-law could help us understand if this phenomenon is occurring in Nepal as well. Having a higher decision-making score, an indicator of empowerment, is independently positively associated with family planning use after controlling for household position, suggesting that measurement of empowerment is complex, thus decision making power and household status should be assessed separately. Interestingly, being the household head, a measure often used for status or empowerment, is associated with lower odds of use in all models, suggesting that it might not be an appropriate measure for higher status/empowerment. It is also possible that given high levels of male out-migration in Nepal this variable is simply measuring lack of exposure to sex and therefore, lack of need of family planning. Given past research on geographic heterogeneity in both food security and women's status, it was surprising that the variable for region of the country was not significant in any models [11, 23] . It is possible that other factors related to geography (poverty, ethnicity, religion) mask the impact of this measure alone. This study has several important limitations. Many women in the "younger" sister category (Group 4) were dropped from the analysis because women who were pregnant or had not had any children were excluded. This reduced the sample size of this population and excluded women who were most likely at the lowest status in the household (had not had any children yet). Second, we are unable to assess causality or the direction of causality due to the cross-sectional nature of the survey data. Longitudinal research on the relationship between food insecurity and family planning use over time would help better understand the direction of this relationship. Furthermore, the survey measured food insecurity at the household level, not at the individual level, which makes it impossible to evaluate the different levels of food insecurity for different household members. We tried to account for this by including the variable for women's status in the household. The variable that we used to measure household status only reflected the women in the household who were in the DHS sample, and there could have been other women in the household who were not in the survey but whose role in the household changed household dynamics around eating. Despite these limitations, this paper has several strengths. First, it adds nationally representative and more recent information to our understanding of factors associated with lower use of family planning in Nepal, a country where family planning use has not risen as much as anticipated. Additionally, it moves beyond simply exploring the impact of a single factor on family planning use, and instead looks at interactions, specifically how women's individual status in the household interacts with a household level phenomenon (food insecurity) to compound risk.
This analysis suggests that women of the lowest status in food insecure, co-resident households appear to be especially at risk of not using modern family planning. It also suggests that not having any sisters-in-law could put women at risk of not being able to access services. These findings have important program and policy implications, suggesting that improving household level food insecurity can have important implications for women's health and reproductive behaviors. It also suggests that focusing on the lowest status women in households could make the most impact for certain health behaviors and should be a priority. While improving overall food security should be the goal, policies or interventions that are able to improve women's household status or improve the distribution of resources within the household, may have additional benefit.
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